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ABSTRACT. Wyon, M., and E. Redding. Physiological monitoring
of cardiorespiratory adaptations during rehearsal and perfor-
mance of contemporary dance. J. Strength Cond. Res. 19(3):000–
000. 2005.—Previous research has shown that dance class and
rehearsal stress different cardiorespiratory energy systems than
dance performance. The aim of the present study was to monitor
the physiological parameters of a number of dancers during a
12-week rehearsal period and an 8-week performance schedule.
Seventeen dancers (8 men and 9 women) from 2 companies un-
dertook the multistage dance specific aerobic fitness test before
the rehearsal period, before the performance period, and after
the performance period. Heart rate data were collected through-
out the test; the mean heart rate during stage 5 and blood lac-
tate levels were measured at the end of the test. No significant
changes in heart rate or lactate parameters were noted between
the prerehearsal and preperformance tests, but significant de-
creases during the preperformance and postperformance tests
were shown in both parameters (p , 0.01 and p , 0.01, respec-
tively), which suggests an increase in the subjects’ aerobic ca-
pacities during the performance period. Implications from the
present study suggest that dancers are not adequately physio-
logically prepared to perform to the same degree to which their
skills are honed. The study suggests that supplemental training
is required to bridge this physical gap and better prepare the
dancer for performance.
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INTRODUCTION
R ist (17) has suggested that the gap between thephysical demands of class and performance iswidening. Wyon and Redding (22) later notedthat dance performance caused a significantly
greater mean heart rate and oxygen consump-
tion than reported for dance class and rehearsal. The
workload of the class warm-up section and most rehears-
als is below the work intensity required to elicit an aer-
obic training effect (1). The mean workload of the class
center section is similar to that seen during performanc-
es, but its exercise-to-rest ratio implies that the ATP-CP
system receives the greatest stimulus during the work
periods, whereas in performance the exercise-to-rest ratio
allows greater emphasis on the aerobic and lactate met-
abolic systems (22). The findings of Wyon and Redding
confer with previous research that shows that the center
phase of a dance class is an intermittent ‘‘multiple sprint’’
form of exercise that does not place significant stress on
the aerobic system (4, 6, 16, 19). The warm-up phase is
more continuous in nature, although at too low an inten-
sity to elicit a training effect. Dance performance can also
be classified as high-intensity interval exercise (5, 19); the
exercise intensity is similar to that of the center phase of
the dance class, although the exercise-to-rest ratios differ
and indicate that greater stress is placed on the aerobic
energy system due to longer exercise and shorter rest pe-
riods (21).
The aims of the present study were to examine wheth-
er the data reported in the cross-sectional analysis by
Wyon and Redding (22) of the cardiorespiratory demands
of individual classes, rehearsals, and performances vali-
dated the predicted cardiorespiratory changes in the
dancers during an extended period that encompassed per-
formance (8 weeks) and normal daily company routine
(class or class and rehearsal; 12 weeks). Company 1 had
cardiovascular training equipment for the dancers to use.
The use of the equipment was not prescribed, and the
dancers set their own programs if they used the equip-
ment. The study also therefore assessed whether the pro-
vision of cardiovascular equipment was enough to help
prepare dancers for the increased demands of perfor-
mance.
METHODS
Subjects
Twenty-two subjects from 2 professional contemporary
dance companies volunteered for the study; their descrip-
tive data are given in Table 1. Company 1 promoted aer-
obic training for its dancers. This company had rowing
and cycle ergometers and step machines for the dancers
to use, but had made no time or guidance provision for
the supplemental training. All the subjects from that
company reported that they used these machines but not
regularly. All subjects had been taking dance class on a
regular basis for the preceding 1–2 weeks and were free
of injury during this time. Anecdotal discussions noted
that only 2 of the 22 subjects smoked. During the testing
period, there was a dropout rate of 23% (n 5 5). The data
from the subjects who left the study were excluded from
the statistical analyses. The University of Surrey Roe-
hampton gave ethical approval for the research. Written
consent was gained from both the dancers and their re-
spective companies before testing started.
Protocol
Descriptive data (age, height, and weight) were collected
at the beginning of the study, and skinfold measurements
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TABLE 1. Descriptive statistics for the subjects.*
Company Sex Age (y) Height (cm) Weight (kg)
1
2
Female (n 5 6)
Male (n 5 4)
Female (n 5 3)
Male (n 5 4)
23 6 5.57
22 6 3.0
23 6 1.73
22 6 1.25
1.64 6 4.91
1.77 6 3.40
1.66 6 7.93
1.76 6 5.71
51.7 6 3.79
66.7 6 4.26
55.7 6 3.51
66.3 6 8.50
* Data are mean 6 SD.
TABLE 2. Mean parameter data for prerehearsal, preperformance, and postperformance tests.*
Company Test Mean HR (b·min21) Maximum HR (%) Blood lactate (Mmol·L21)
1 (n 5 10)
2 (n 5 7)
Prerehearsal
Preperformance
Postperformance
Prerehearsal
Preperformance
Postperformance
167 6 10.65
166 6 10.55
155 6 12.86
190 6 3.07
189 6 4.19
179 6 4.76
84.7 6 4.89
84.1 6 4.99
77.9 6 6.18
96.3 6 1.96
95.8 6 2.23
91.8 6 3.17
2.2 6 0.92
2.1 6 0.90
1.5 6 0.77
3.4 6 1.12
3.4 6 1.15
2.8 6 1.09
* Data are mean 6 SD. Hr 5 heart rate.
FIGURE 1. Changes in mean heart rate of dance specific aero-
bic fitness test stage 5 over time.
were taken before and after the performance period. Skin-
fold thickness measurements (in millimeters) were taken
at 5 sites: biceps, triceps, suprailiac, subscapular, and me-
dial calf.
The monitoring of cardiorespiratory changes was per-
formed with the multistage dance aerobic fitness test
(14). The test is continuous, with 5 steady-state stages of
increasing intensity, each 4 minutes long. Before each
test, each subject underwent a familiarization process
and was introduced to the tempo of each stage by use of
a metronome. Before the start of the test, the subjects
were fitted with a Polar heart rate monitor and watch
(Polar Accurrex). Each subject was informed of the test
termination criteria (20) and that they would be given 2
warnings before being asked to stop dancing. The mean
heart rate of the subject’s last stage was calculated from
the downloaded heart rate data. The mean heart rate of
the last stage was calculated as a percentage of the sub-
ject’s age-predicted maximum [(end heart rate/220 2 age)
3 100]. A blood lactate sample was taken 1 minute after
the test cessation using a Lactate-Pro following the Brit-
ish Association of Sport and Exercise Sciences proce-
dures.
Each subject was tested 3 times during the testing
period, at the same time of the day and generally on the
same day of the week, but company timetables sometimes
made this schedule impossible. The initial test was per-
formed 1–2 weeks after the return from company break
and 2–3 weeks before the start of rehearsals. The second
test occurred the week before the start of performing
(week 12), each company being involved with a 2-month
performance period, and was fitted in around the com-
panies’ schedules. The last test took place the week fol-
lowing the end of the respective tours (week 20). Feed-
back was provided to each of the subjects on their indi-
vidual data.
Statistical Analyses
All data were entered into the SPSS version 10 statistical
analysis software program (SPSS Inc, Chicago, IL).
Means and SDs were calculated for all variables. A re-
peated-measures analysis of variance (ANOVA) between-
subjects design, using difference contrasts, was used to
monitor changes in mean heart rate, percentage of max-
imum heart rate, and blood lactate data collected during
stage 5. The a level was set at 0.95.
RESULTS
The repeated-measures ANOVA, using difference con-
trasts, compared prerehearsal with preperformance test
results and pre- with postperformance test results. The
descriptive statistics of the companies during the study
period are given in Table 2. Groupwise analysis noted no
significant differences between the prerehearsal and pre-
performance test results for mean heart rate (p . 0.05),
percentage of maximum heart rate (p , 0.05), and blood
lactate values (p , 0.05).
Significant decreases were found between the pre- and
postperformance test results for mean heart rate (F1,12 5
149.606; p , 0.01), maximum heart rate percent (F1,12 5
40.878; p , 0.01), and blood lactate (F1,12 5 12.093; p ,
0.01). Mean skinfold preperformance data (36.35 6 9.74
mm) were not significantly different from the postper-
formance data (35.54 6 9.68 mm) (t 5 1.106, df 5 13, p
5 0.307). The changes in the companies’ mean values can
be seen in Figures 1–3. Between-subject analysis noted
that company 1 had significantly lower data values than
company 2 for mean heart rate (F1,12 5 5653.926; p ,
0.01), maximum heart rate percent (F1,12 5 6303.412; p ,
0.01), and blood lactate (F1,12 5 98.166; p , 0.01).
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FIGURE 2. Changes in mean maximum heart rate percent of
dance specific aerobic fitness test stage 5 over time.
FIGURE 3. Changes in mean blood lactate values of dance
specific aerobic fitness test stage 5 over time.
DISCUSSION
The mean data given in Table 2 indicate that subjects
from company 1 had greater aerobic capacities than those
from company 2, because their mean heart rates for stage
5 were at a lower relative percentage, in relationship to
age-predicted maximum heart rate, than those for com-
pany 2. This could be due to the availability and promo-
tion of aerobic fitness by the management in company 1.
Neither company showed changes in aerobic fitness dur-
ing the first period (prerehearsal to preperformance), as
illustrated by heart rate and blood lactate data (Figures
1–3). The subjects in company 1 were able to complete
the test at a lower relative workload than the company 2
subjects. This is illustrated by the lower blood lactate val-
ues shown in company 1 during the initial period. The
lack of change in these parameters confirms the sugges-
tions of Wyon and Redding (22), who hypothesized that
the metabolic stresses placed on the dancer from class
and rehearsal were not enough to develop the dancers’
aerobic capacities. This phase of performance preparation
is characterized by a daily class of approximately 90 min-
utes and rehearsal sessions that last between 60 and 180
minutes. The warm-up phase of class and most rehearsals
are at a low exercise intensity, and only the center section
of the dance class is at a high enough intensity to develop
the aerobic system, although the exercise-to-rest ratio
demonstrates that the actual exercise time is insufficient
to stress the aerobic system enough for adaptation to oc-
cur. The exercise intensity of the rehearsal process in-
creases to that seen within performance, but this is gen-
erally in the last week of rehearsals and too late to have
a physiological benefit for the proceeding performance pe-
riod. This is in contrast with findings by Rimmer et al.
(16) and Dahlstrom et al. (6), who suggested that ade-
quate time, during class and rehearsal, is spent within
the aerobic training heart rate zones to stimulate a mod-
erate aerobic training effect. The difference in findings
could be due to differences in data analysis. They moni-
tored heart rates during class and calculated time spent
at specific heart rate bands. This does not take into ac-
count work-to-rest ratios; therefore, elevated heart rates
from recovery periods were also included in the overall
analysis. This would increase the supposed time spent
within the aerobic training zone but not the actual exer-
cise time within the zone, which is the stressor that caus-
es adaptation (2)
The performance period is characterized by daily class
(90 minutes), a short rehearsal (60–90 minutes), and the
performance (approximately 60 minutes). During perfor-
mance no dancer is on the stage all the time, although
the exercise-to-rest ratio indicates more time dancing
than resting. The performance period showed significant
decreases in the heart rate parameters and blood lactate
levels, indicating improvements of the subjects’ aerobic
capacities. This confirms the findings reported previously
by Wyon and Redding, which indicated that the work in-
tensities and exercise-to-rest ratios noted during perfor-
mance were at a level to cause aerobic system adaptation.
The amount of daily exercise that the individual performs
decreases during the performance period, which would
suggest that the main influence on any cardiorespiratory
adaptations is due to changes in exercise intensity and
the exercise-to-rest ratio. The results from the present
study were also reinforced from the dancers, who com-
mented that they felt it took 2 weeks of performing before
they felt physically capable of ‘‘performing fully.’’ The lack
of change in skinfold measurements is not surprising due
to the low levels of body fat of dancers (3, 12, 13). Because
of the lack of specified competitive periods or seasons as
seen within the sporting world, which allows athletes to
carry more fat during noncompetitive periods and then
‘‘strip-down’’ for competition, dancers often perform year-
round, with only short periods off to rehearse the next
piece. The culture and environment of the dance world
also place pressure on the dancer to maintain low levels
of body fat throughout the year, often to the detriment of
their health (3, 7–12, 15, 17, 18). The present study did
not monitor other fitness components, such as power,
strength, or muscular endurance, so one cannot comment
on whether similar changes in these parameters might
occur during the performance period as were seen for aer-
obic fitness. In conclusion, class and rehearsal did not
prepare the dancers in this study adequately for the per-
formance period. The provision of cardiovascular equip-
ment, though beneficial, is not sufficient in itself, and the
cardiorespiratory training needs to be planned and man-
aged to the same extent as the rehearsal schedule to al-
low the dancers to peak for each performance period as
physically as they do technically.
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PRACTICAL APPLICATIONS
The findings from the present study suggest the need to
start applying training science within the dance world.
Currently, the emphasis is mostly on the skill acquisition
and perfection required to perform. The development of
the dancer’s physicality is thereby a by-product of the
skill acquisition. An enhancement of the aerobic system
is required, most likely at the prerehearsal stage, to allow
the dancer the physiological capability to cope with the
stresses during performance.
The use of heart rate monitors as the sole means of
measuring time spent within specific training zones dur-
ing current dance training exaggerates the actual train-
ing time. We suggest the use of TRIMPS (2) within an
interval-based program as a means of monitoring the
training effect of dance-based activity. The provision of
cardiovascular equipment and a reliance on the dancer’s
motivation to perform self-administered training do not
always provide adequate training stimuli to benefit the
dancer during performance periods. Dance company man-
agement needs to schedule supplemental training into
their timetables to reduce the potential onset of over-
training. We also suggest that these sessions are sched-
uled at the end of a dancer’s training day so that fatigue
does not affect skills-based sessions (rehearsals) and al-
lows the dancer an extended period to warm down with-
out the need to rush off for the next rehearsal.
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